Growth characteristics of selected plant species on asbestos tailings from Msauli Mine, eastern Transvaal  by Ellery, Karen S. & Walker, B.H.
Growth characteristics of selected plant species on 
asbestos tailings from Msauli Mine, eastern Transvaal 
Karen S. Ellery and B.H. Walker 
Department of Botany, University of the Witwatersrand, Johannesburg 
Natural revegetation on the asbestos tailings at Msauli Mine 
is negligible. Lack of available phosphorus, potassium and 
calcium , extremely alkaline conditions and surface crusting 
were shown to be the principal limitations to plant 
establishment. In a series of pot plant experiments the 
application of soil , substantial quantities of gypsum to 
reduce the pH , and various concentrations of compound 
and other fertilizers resulted in successful growth of 
Cynodon dactylon (L.) Pers ., C. aethiopicus Clayton and 
Harlan and Sporobolus spicatus (Vahl) Kunth. The last 
species showed most potential as a pioneer sward plant 
due to its rapid stolon production and little dependence 
upon fertilizers for successful growth . 
S. A fr. J. Bot. 1986, 52: 201 - 206 
Natuurlike hervestiging van plantegroei op die uitskot van 
die Msauli-asbesmyn is onbeduidend. Dit is aangetoon dat 
gebrek aan beskikbare fosfor, kalium en kalsium, uiters 
alkaliese toestande en korsvorming op die grondoppervlak 
belangrike beperkende faktore in die vestiging van 
plantegroei is. In 'n reeks proewe met potplante het die 
toediening van grond, aansienlike hoeveelhede gips om die 
pH te verlaag en verskillende konsentrasies samegestelde 
en ander bemestingstowwe die suksesvolle groei van 
Cynodon dactylon (L.) Pers., C. aethiopicus Clayton en 
Harlan en Sporobolus spicatus (Vahl) Kunth tot gevolg 
gehad. Laasgenoemde soort blyk die belowendste pionier-
grasveldplant te wees weens vinnige stolonvorming en 
geringe afhanklikheid van bemestingstowwe vir suksesvolle 
groei. 
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Key words: Asbestos, Cynodon aethiopicus, C. dactylon, 
mine dump reclamation, Sporobolus spicatus 
Karen S. Ellery 
Department of Botany, University of the Witwatersrand, 
Johannesburg, 2001 Republic of South Africa 
B.H. Walker* 
CSIRO, P.O. Box 84, Lyneham, ACT2602, Australia 
*To whom correspondence should be addressed 
Accepted 6 December 1985 
Introduction 
Part of the residue material generated at the Msauli chrysotile 
(asbestos) mine, situated 20 km south-east of Barberton, has 
resulted in the formation of three large tailings dumps covering 
approximately 40 ha of land. These dumps have remained 
bare of any vegetation cover since their formation, the oldest 
having been formed over 35 years ago. In their present state 
they constitute both an aesthetic and an environmental pro-
blem, by polluting the nearby Komati and Msauli rivers, and 
by contaminating populated areas and agricultural lands with 
wind-borne particles. 
Although stabilization by resin compounds and other 
physical means may offer a temporary solution, the only 
permanent solution lies in the reclamation of these wastes by 
covering them with vegetation (Smith & Bradshaw 1972). 
However, due to infertility, toxicity, textural and structural 
problems of waste materials derived from serpentine rocks, 
many additions and/ or changes must be made before the 
tailings from this mine can form a suitable medium for plant 
growth. 
This paper describes, firstly, the properties of the chrysotile 
asbestos dumps at Msauli which are inimical to plant growth, 
secondly, the pH levels at which the heavy metals affect plant 
performance, and thirdly, the selection of suitable plant species 
and ameliorants using pot plant experiments. 
Materials & Methods 
Properties of the tailing5 
Since there was no soil profile development or stratification, 
ten tailings samples were taken to a depth of 150 mm, ex-
cluding the surface crust of ± 20 mm. These were oven dried 
at 60°C, crushed and passed through a 2 mm sieve. The 
texture of the sample was determined by the Bouyoucos 
hydrometer method (Fert. Soc. S.A. 1983) and available water 
capacity was taken to be the difference between field capacity 
(33.8 kPa) and wilting point (1620 kPa), using a tensiometer. 
Total phosphorus was measured using the Bray No. 1 
phosphorus extraction method (Fert. Soc. S.A. 1983). Wastes 
are generally low in both total and available nitrogen, and 
as is common practice in reclamation studies (Peterson & 
Nielson 1973), these tests were omitted. The organic matter 
content was determined by dry combustion (Fert. Soc. S.A. 
1983) and trace element concentrations (copper, zinc, nickel, 
cobalt, boron, molybdenum and iron) were determined by 
an independent laboratory. The samples were digested by 
nitric, perchloric and hydroflouric acid, fumed with perchloric 
acid and mixed in a 1:1 aliquot of hydrochloric acid. In the 
case of the boron determination it was fused with potassium 
202 
hydroxide. Samples were read by atomic absorption spectro-
photometry. 
The analyses for pH, salinity and various cations require 
sample dilution. In general, the higher the moisture content, 
the easier it is to obtain the extract, but this is less representa-
tive of the solution to which the plant roots are exposed in 
the soil (Chadwick I973). A saturation extract paste was 
therefore used for the pH, salinity and cation determinations 
(U.S. Salinity. Lab. Staff I969). Determination of pH was 
done using a KCl extract, and total dissolved salts were 
measured in a deionized water extract using a conductivity 
meter. Concentrations of potassium, magnesium, calcium and 
sodium were determined by atomic absorption spectrophoto-
metry with an ammonium acetate extract (Fert. Soc. S.A. 
I983) and exchangeable cations were measured by the neutral 
ammonium acetate method using sodium as the displacing 
ion (Chapman I965). 
Determination of suitable species and fertilizer 
treatments 
Species evaluation 
The suitability of Cynodon dactylon (L.) Pers., C. aethiopicus 
Clayton and Harlan, Pennisetum c/andestinum Chiov., Chlo-
ris gayana Kunth, and Eragrostis curvu/a (Schrad) Nees. was 
assessed in preliminary experiments for their potential as 
pioneer species on the asbestos tailings. The species were 
selected on the basis of one or more of the following charac-
teristics: 
(I) rapid establishment 
(2) an ability to form a dense ground cover 
(3) high pH tolerance 
(4) low nutrient requirements 
(5) previous success on dumps derived from similar rock types 
(6) commercial availability 
The specimens of C. dacty!on were taken from within close 
proximity of the dump, growing in soil covered with a thin 
(I ,5 em) layer of tailings. The other species were obtained 
from farms close to Pretoria. 
The pots used had a surface area of O,OI77 m2 (i.e. 0, I5 m 
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diameter) and contained 5,0 kg of tailings. Five replicates of 
each species were grown in either plain tailings (treatment A) 
or in tailings mixed with fertilizers and soil (treatment B) as 
shown in Table I. The soil was added to improve the physical 
properties of the tailings. Although the soil obviously has 
additional nutrients, these were not taken into account. The 
fertilizer dosages in this and the ensuing optimum treatment 
experiments were derived from publications of work done 
elsewhere on asbestos tailings (Moore & Zimmerman I977, 
Meyer I980) and on alkaline wastes (Miles & Tainton I979a 
& b). They have been calculated on a yearly basis to facilitate 
comparisons, with small but frequent applications of fertilizers 
used due to the low cation exchange capacity associated with 
the tailings and due to the recurrent watering. 
Established tillers were planted and watered to field capacity 
three times weekly for a ten-week period. Differences in 
growth habit made the task of comparing species performance 
difficult, and qualitative assessments of growth and vigour, 
on a scale of I - 10, were therefore made for each plant 
throughout the ten-week period. Ten indicates the plant was 
completely green, 9 indicates 900Jo living material, down to 
the 0 value, given to a dead plant. 
Toxicity tests 
Most elements are likely to be sparingly soluble in asbestos 
tailings, owing to the alkaline conditions. Acidification may 
improve the solubility and thus availability of P and other 
plant nutrients that are in short supply, but the benefit may 
be offset by increased heavy metal toxicity (Antonovics eta/. 
I97I ). 
The most convenient way of quantifying heavy metal toxic 
effects on plants is by using root elongation as an index of 
toxicity (Wilkens I957, Gregory & Bradshaw I965). The toxic 
tolerance index was determined for C. aethiopicus using the 
test tube method first described by Wilkens (1957) , with 
modifications proposed by Hill (1983) and was calculated as 
follows: 
Tolerance index root extension in lowered pH.sol x 100 
mean root extension in control 
Table 1 Soil and fertilizer treatments in the pot plant experiments 
Application Schedule 
Total N.P .K. Equivalent (g/ pot) 
application N.P .K. application week week 
Treatment (kg ha - I yr - I) (g pot - 1 yr - 1) I 5 
A = No fertili zer 
B = N,P ,K, + Ca + Tr + s 480 85 10 20 
C = Gyp + S 
D = N,P,K, + Tr + S 300 53 7 13 
E = N,P ,K, + Tr + S 400 71 9 18 
F = N,P ,K, + Tr + S 500 86 II 22 
G =Gyp 
H = N,P,K , + Tr + Gyp 300 53 7 13 
I = N,P,K, + Tr + Gyp 400 71 9 18 
J = N,P,K , + Tr + Gyp 500 86 II 22 
K = S 
L = N,P,K, + Tr + S 300 53 7 13 
M = N,P,K, + Tr + S 400 71 9 18 
N = N,P ,K, + Tr + S 500 86 II 22 
N,P,K = 2:3:2 ratio of ammonium nitrate, single superphosphate and potassium sulphate 
S = 30 mm topsoil, mixed in 
Gyp = 10 t ha - 1 gypsum 
Tr = 14 g ha - 1 yr - 1 of trace elements 
week 
10 
5 
3 
4 
5 
3 
4 
5 
3 
4 
5 
week 
15 
3 
4 
5 
3 
4 
5 
3 
4 
5 
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Optimum treatment 
Only C. aethiopicus and C. dactylon from the original choice 
of species were used to determine the optimal treatment. A 
third species, Sporobolus spicatus (Vahl) Kunth was also used 
due to its high pH and high Mg:Ca ratio tolerance (Wild & 
Wiltshire 1971). Using the same size pots as in the species 
evaluations, the treatments (A-N, excluding B) are outlined 
in Table 1. The application of (10 t ha - 1) of gypsum 
(CaS042H20) is the amount required to reduce the pH to 
8,0 (Grant 1984). 
Five replicates of established tillers of each species were 
planted and watered to field capacity three times weekly. At 
the end of a 17-week period above ground plant parts were 
harvested and oven dried at 68°C for 24 hand then at 100°C 
for one hour (Meyer, 1980) before weighing. 
Results 
Properties of the tailings 
The results of the analyses are presented in Table 2. All heavy 
metal concentrations (of those measured) and pH were at 
higher levels than plants are usually able to tolerate (Bradshaw 
& Chadwick 1980). The heavy metal tests were not, however, 
conducted using a saturated extract and the values presented 
are therefore not indicative of their availability to plants. With 
a pH of 8,0 or above these metals are sparingly soluble and 
have little, if any, toxic effects (see below). 
As in many alkaline substances with a coarse structure and 
little organic matter, the C.E.C. was low with a consequent 
rapid leaching of soluble substances. Whereas phosphorus, 
calcium and potassium were all in the range of plant nutrient 
deficiency (Bradshaw & Chadwick 1980), both magnesium 
and sodium were within the tolerable range for plant growth 
(Embelton 1965, Lunt 1965). 
Although the saturation extract indicated a moderate value 
for electrical conductivity (Black 1968), this was probably not 
Table 2 Physical and chemical properties of the 
tailings 
Component Unit 
P (Available) mg kg - 1 
Cu ppm 
Zn ppm 
Ni ppm 
Co ppm 
Mo ppm 
B ppm 
Ca mg ,-1 
K mg , - 1 
Na mg 1- 1 
Mg mg 1- 1 
pH 
C.E.C. me 100 g - 1 
Electrical conductivity mS cm - 1 
Fe (Total) % 
Field capacity OJo 
Wilting point OJo 
Gravel (> 2 mm) OJo 
Sand (0,2- 2 mm) OJo 
Silt and clay 
(< 0,2 mm) OJo 
Organic matter OJo 
Mean value 
0,95 
4 
70 
462 
93 
7 
465 
7,38 
14,89 
12,80 
392,60 
9,57 
12,10 
1,18 
4,13 
7,02 
2,31 
0,0 
97,74 
2,34 
0,02 
Std. dev. 
(n = 10) 
0,2 
1,23 
1,40 
1,16 
16,30 
0,098 
0,82 
0,12 
0,012 
0,026 
0,0 
0,08 
0,071 
0,001 
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a true reflection of fertility owing to domination by the Mg 
ion which, compared with other ions, occurs in high concen-
trations. This results in an extremely low Ca:Mg ratio in 
comparison with normal soils (Thompson & Troeh 1978), and 
is similar to that in some natural serpentine soils where poor 
growth has been attributed to such inverse ratios (Proctor & 
Woodell 1975). 
Determination of suitable species and fertilizer 
treatment 
Species evaluation 
With the exception of C. gayana which produced no new 
shoots and died soon after planting, all plants not receiving 
fertilizer produced healthy young shoots during the first three 
weeks of the experiment, owing to survival of root reserves. 
By the end of the ten-week period however, they were both 
chlorotic and necrotic. With the addition of soil and fertilizers, 
no visual deficiency symptoms occurred, except in C. gayana 
plants, all of which had again died four weeks after planting 
(Figure 1). C. gayana was chosen for its ability to grow on 
alkaline soils (Bogdan 1969) with low nutrient (N & P) avail-
ability and poor water retention (Miles & Tainton 1979a). It 
is possible that the addition of fairly high concentrations of 
fertilizers and/or regular watering did not favour this species. 
The dark green healthy plants and quick recovery after 
planting of C. dactylon and C. aethiopicus (Figure 1) com-
pared with the slow responding P. clandestinum and E. 
curvula plants, gave preference to the former two species for 
use in further experiments. However, both P. clandestinum 
and E. curvula were dormant at the beginning of the experi-
ment, and given more time may respond more positively to 
ameliorative treatments. They should therefore not be dis-
carded as possible sward species on asbestos tailings. 
Toxicity tests 
The results of the toxicity tests on C. aethiopicus (Figure 2) 
indicate a significant decrease in the tolerance index with a 
decrease in pH below 8,0. Below this pH there was also a 
noticeable lack of root hairs which would result in lowered 
nutrient uptake by the plants. This level was therefore taken 
as the lowest to which the pH should be reduced before 
stunted root growth would affect the plants' performance. 
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Figure I Qualitative assessment of growth and vigour on a scale of 
I - 10 for each of five species grown in asbestos tailings and soil; fertilizer 
treatment B (Table 1). 
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Optimum treatment 
The responses of the species to the addition of soil, gypsum 
and/ or N.P.K. fertilizers were variable (Figures 3a, band c). 
Student t tests, (9507o probability) were conducted between 
the same species in each of the different treatments, revealing 
the following: 
(1) In each case there was a significantly higher dry matter 
yield in the C. dactylon and C. aethiopicus plants growing 
with soil (treatments C,D,E,F) compared to those growing 
without soil (treatments G,H,I and J respectively). There 
were no such differences in S. spicatus. The former two 
species obviously require the addition of soil, so preventing 
crust formation, whereas the latter species can tolerate the 
formation of such a crust. 
(2) All plant species subject to the same treatments except 
for the omission or addition of high quantities of gyp-
sum (C,D,E,F with gypsum, and K,L,M,N without gyp-
sum) revealed no significant difference in yield. It therefore 
appears that nutrient uptake is little affected by a reduction 
in pH. 
The least significant difference (LSD) in an analysis of 
variance was calculated for each set of treatments for each 
of the three species (Figures 3a, b and c), revealing the 
following: 
(1) All species had a significant increase in dry matter yield 
with addition of ameliorants (treatments C- N) compared 
with that of no ameliorants (treatment A). With the 
exception of S. spicatus, plants grown in tailings showed 
symptoms of nutrient deficiency or else died during the 
17-week experimental period. 
(2) There was a significantly higher growth yield in C. aethio-
picus and C. dactylon with fertilizer increments from 300 
110 
100 
90 . 
80 
70 
60 
~ 
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" 
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Figure 2 Tolerance index for C. aelhiopicus at different pH values 
in the toxicity tests . 
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to either 400 or 500 kg ha - 1 when soil (treatments L,M,N) 
or soil and gypsum (D,E,F) had been added. However, 
with the addition of gypsum only (H,I,J), neither of these 
species showed a statistically significant increase with the 
respective fertilizer increments. 
(3) There was a trend in all the species, although not statistical-
ly significant, for lower dry matter yields in the highest (500 
kg ha - 1) fertilizer treatment (treatments F,J ,N) compared 
with the 400 kg ha - 1 treatment (treatments E,I,J). 
(4) No significant differences in growth yield in response to 
any of the added ameliorants was revealed in the S. 
spicatus trials. There was a trend however, for an increase 
in yield with an increase in fertilizer. 
These observations suggest that the optimal treatment is the 
addition of both 30 mm of soil and 400 kg ha - 1 annum - 1 
of N .P .K. fertilizer. Although 10 t ha - 1 of gypsum did not 
result in a significant increase in yield, little success in long- , 
term experiments has been achieved without it (Moore &. 
Zimmerman 1977, Meyer 1980). This may be the result of 
inhibition of Ca uptake (unless large quantities are available) 
by Mg in the tailings (Madhok 1965). The use of gypsum 
should therefore probably be included in any longer-term 
growth experiments. 
The ability of Sporobolus spicatus to form a good stabi-
lizing cover is not reflected by the lower dry matter yields 
compared with those of C. aethiopicus and C. dactylon. S. 
spicatus did not flush rapidly after planting, but stolon 
production had commenced before the end of the 17-week 
period. C. aethiopicus and C. dactylon, on the other hand, 
produced many new young leaves but no stolons. The positive 
growth response of all three species indicate their potential 
as pioneer species on asbestos tailings. 
Discussion & Conclusions 
The main problems associated with the establishment of 
vegetation in asbestos tailings appear to be extremely alkaline 
conditions, low nutrient concentrations and surface crusting. 
The former two problems were counteracted by the addition 
of large quantities of gypsum and fertilizer respectively, and 
the latter by the addition of soil which also served to improve 
the soil moisture regime and provided a medium for micro-
biological activity in the root zone. 
With the alteration of the tailings through the use of these 
ameliorants, C. aethiopicus, C. dactylon and S. spicatus 
emerged as being potentially suitable for inclusion in a pioneer 
cover. However, the initial success of grasses with addition 
of ameliorants may be short-lived, with a slow die-back as 
non-toxic material becomes contaminated with toxic compo-
nents from the waste material (Hill 1980). Instead, genotypes 
can be selected for their tolerance to asbestos tailings, similar 
to those tolerant of heavy metals on serpentine soils (Anto-
novice eta/. 1974, Proctor & Woodell 1975). The tolerance 
of S. spicatus to alkaline and high Mg:Ca ratios (Wild & 
Wiltshire 1971) and the positive growth response in the 
experiments, warrant further studies on this species for asbes-
tos tailings reclamation. 
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